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L^ ^ r-v 
M $i^mp im mmef 1« n* HAW i^iw) » £«» # tCf) « % 
iit««ipr» itttn i«i3^ H im^ mi^ cr^ Ci^  # • f i n a l f«iitiv» 
fiir fS3L m% i^ tm %1m^m m^ ^ "^mmM mipm^m 
i t eiOft 1^ iti9em Hist ^Im m%^ f^ - <i!^  ^ aiardOlvriit&a «^  th« 
Cii) m(^\ •< m^ \ 11(^ UrtHlii ti J i l 
3 
i ^^  
^^smm^* <•) M » t <U i t l « % ) » ^ } i l j B t 
JiM|ylt.tf 
M IK 
(UUti ti it^  1^ 9 
Ai jgfUuiftfffffy ^ t ^W # 
1 * )K «l AMI 4 iCH J » ) t ^ > 
a) • i» | |t^MMi)t 'I«» 
• C l ^ 0 %^ ^^ lest^ la 1c,^  axii-^  
! i liin flMiiiiiii H i "^^ t t lFI i f ** l i t % i ^ ^mmism 
— - . i * . * — « — » ^ ^ 
Hi (jTumrii 11181% S M M N M I t fwlwiirtp 1 ^ vilSMHisMii 
Ift €Ml%« IHf Ml Hftitt ^t^ie^liiii mm mum oftaDiiM 
xmioaE 1 9 ] i i i i JiD^a^ £ 9 ] • vn ii«i# MIM«» tmm mm 
ItlMiiNHii l iui xiMM l^ur Nl* 8MSii T # 1 I v MiMi^ftt CTIM) » l i # 1 
MPMrm C43 M i [ f l i 
MMMill* %mm [ 4 3 } . W M ^ ^fb^'^Uft 
wmmf til A n A# C ^4p^#it ) |£jiiijMl£jfe> 
4tMM4^ 
%mi • 
(It) •(iij i It * let 
m i ? r 
la 6lu^ t^«r ITf m extaad «ti« spaotii 1^ anft T^ t^o 
o«M]pltt« Iia««r topiddgloal mpmmm* 9t pRvm th» felXoiiiaf 
7 
itW « iiQ^i^(x)| 
ji(teft Ctf«ti» i|^ • 
r0>. 
m^ 
CIA) Ha |tCis«lt^ i»)t'^  « « t IffiifUP l^T la ^ 
M miiii z X l l i (i^i 
U) liHUHlill.AJHi 
n 
St S «^ lMi } | X X (>^* ii1ftt«««W ) • 
( i i ) ii»«^iiiii») « i i ^ « . j M l l i n i i J i % 
? 
Cit) MA % • # HTfffltlM ilffii (^> JdJi « • ^ ^^ »^ * 
m * 
n % 
mill liimiita WmmiiUB mtD^Uttu **>* JNiJlMlBtf UttMnHMl llftVir INNMI 
>^^ ^^ <3K^ »^ l i t A • Ciy^ i t ft "'T IfIflffflT ^ ^*f*^' 
jEiMi jMUMk ^ ^ %«3 niff inm \(^te >'^ EN «} 
Urab ^ y fffl#i x t [Of JNI I ^ ?M^^ ^ ^ t ^ % «^]* 
t i^*' > • INf 
S|| 1.% Wtj HMf i M i A sClt) II MT [4^ 9ttj 
^ * fSl 
jHg|#MMgy»jy| Up j |#M|yt iH9bfA| [ 







[ ft ]« IM» ^ ^» • Mmttm mmmMMtf ^ a «%witt «r 
^iiPiiMi 9iiiil«r iMMifttttf f i a i i t t i i lfllii-^^*^*^r 
#ftMiicm9)« 
> ^ > ^ » ^ > ^ 
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.JE.iIIliliI liif, A l l 
^ H f l i i i IIFtHfl MflOtem i^ tSfBMiM i l lPf f t» M 
/C • U. 5^'f?^ it/^ ^^ JL----' 
eoiimn-sSMii riMii^ itaw 
to the loving memory of my 
MOTHER 
tsmam wesmwm mj> tmmtim mmB 
6l»ftCt 
© IKH!5 ct ccinrwt0!is «•# ©i 
f i iwfiix mi^^iMu.Wi Of fiii@<^ 3wi??^ ip 
f l l Mf CliilCfMIlSilflOIIS Of IKatl €E>iS$8(l 
fnmRMHAW «•» f ) 
Afvnmi 
FRfflCY 
l i m i t i» « » iwttiM ft iv wMtmtmtmmt t m9& Imm wamtam 
«lMt 197it «MU» tte —tnwit mpmeHt^bm «t iMr« 2*«» jtea«» 
Tim fhmAm ««Mil«t« «f ais eiMq^ ttr** tut e^m^m •mm$ w 
intttiirtiiyf Mm iHdilit %§•!#•• itvlag (MM mmm wtHmmA iifl»i«» 
liiMr «M ••lAticnit • Ipiif VMM* vf flm mmfHm wmimemm»$ 
wkiLiii foot H M %Mg|MWkMM||^  ||# «Ay| iMitJlMM • • • a l i a flJ^MMMMA l a 
(U) 
fiirift a l i«t cf Mitrls tv«MtttnwU«Mi !•%«••» Mfi«M» ^ M M * 
fa«ar<« «IMi M i «f ^Ni 33M^«t «t Imra gLwm * fia«<l3r^M1ti»i9i^i|r 
i(t UMI {Nil^ ttMitima %t ilididi ir<^ iCiBitiNMi Iwvt IMMMI WOA§ MM x t^tpit"* 
tim tmmm #f fiiiai«Rtiai» t m%^^ li«r«iii«b tiMi xevox. mm 
9€ l.«tt«r tC »ae«pt«iM «ai s rairtKl Is tin* jn^tnais* fwtliairi 
I liava to ^i i Umitt f l^ r«M f wii t ^ eniptir IX wra o«iita^»ai 
la a r*atArtli i^fw i^i i i Iwra %aiA JNMA I f sa «t tHa ^^ MWSIMI 
«f tiMi ZiiilMt a«iiaM» e«i«raM laaoelAtisB At fSfAmm^»A$ iM 
X a«a m graat AatfX to fvofasair @» X« iMwlAt U M I of ^it 
DtfNurtMit of mtliiMitloof jXIiiHi WmAm iTaivoroitrt^aikiai 
ovftOolio to so 033. tio moooooiy iaoHitioo for mtootlug w 
O00il# X OSMKMfO Wtf fOOfOlMi ttOHlMI tO Mtal* 
X OlOO l l t l M i m l i M l t e t o t iO GOiBOll of SoiiMli f iO OMi 
falMOtvloX ioooovik for ooaotUt so taio Swtdm mA iooior fo&Xow-
{iu} 
wff^ SNNNHMV wibfr %S»|MNI i i# MM wtMi ^iwwiyl.s1il.tit €% i f f v i n l i JSINMI v i ss 
MHm W v i » i # • *wm w9Kw9mWMmm§ WmJLmi wlJJl Wi wMw 
9 
% t f(»)» «• mmm l ^ MM af i t i IPIAMNI mt fin) tm 
m 
#i f t S» «••# liwii liMWi ! • fl§ lAll4Nkti.Mi t^o IAMI #Mlivii3r» Xl^  
•giuMM Mn 'MliHiJMIlA AiMiAuil,Mi gMM| air|(Mi *•» fllMAl a l i i AttMt/tnk 
mm -• 9mp I tiv * UB 
ttt 
9»f • SKS0XMS% BTfMWB 
Xilnl^  9 w9 •IMP fVpMMI wt wyL WPRfUkwl ilW)pi4NMMHi wMt wv WNM>#» 
% f>» « • M M I f l i t epMM • f l i t INMiB«i»«t X • ( l ^ } t f 
V.[«t t I l ^ * l ^ I f»3l^««} 
• (atttetx) tff«MifiiiMitlMi fiMB I i » l» f M l « • M M t t t * i r 
It f I « f# i r (XfY) « • «§•« «i» i i « « i «f M t f f t t t i A ini l i 
flMit A 1 1 <» Y* % CYf Y| t ) m mmu tlidi M%Mi mt ( i t Y ) 
Ol»f• CtUfXlNIOIIS mil X0fH«€tl1KXf2 IHJEi SfJilS 
I f 3t i « II •p«# Cf t«^^l«B Hfmi l t ig M « [ % } f "^(M* 
X I f 1 * li>«9» 
^^^^^ WWr ^^"^^ ^^W ^'""'^•••P' ' ^^^•^^F^"^ ^'^^^^•^^HPF ^^w^^^Bp I^p^^^^Mpivq^W V^lr^P'HP ^B^ W ••i^Mr Wf^pp^ I^F^PP ^ w^^tr ••J^^'*w^lPP*-'^*Hli 
is f i l l , Imwtfkl nm avIlMNls •* U«i«r apM* ^mtm ^ ^mf m 
s4t « I f t f S t «»«9 f M i ^ m y lelM ttyiiiMi • i i i l » %%m0iS* l«Kti3ili 
i^|[9 M I A M H N I 9li1nilNNl fPVilklMi <Mpi)l3ni% %!# iHMllMPiMft #Ji^  iMMIII 
A|g | fgMklftMjIW i r t n l ^ j y i l l ^ Itllft IV t tSMlA 4A|«fl|ijk ggyuuMik ^MMHUMAVMla 
Ci) •!» t I « ^ I < «» 
iu) ^ « * ^ W P ^f ^^P ^^^W^W^^^^ gf 
"HMMM^ffi ttaf 
fm>«ii i»f« A t (•» • ) I f Mil wisar I f 
U) 
a it ^ 
J < • 
Ctl) fm mufk f t ^MW« «i&it» 
f •!« ir« vatt t l UMI l^^tniJit wtXl'^Bmim §BiiMUmm 
MRIETEOV f •^^ 
)(CA} • l lB f a ^ «> f {Urn m^ } 
le • I f t f • •• ta l Uv t m^ mi% wuimmM t« «• KM «iMM«««[ri«H« 
• li 
i f iMi •tflsr f t 
i. 
CikEi * {'"'y l^ iMMPivip(i viMiriMiiiSr iJi si* 
K. mm m ^IWKmKWW mMWm^W « • • « « # *•## *««# •% VP M i P^raK^PWi^ (PPVPW 
A mmmh t$MiM^ His^h mtiafim ^im tetlmAm emAiMMim • 
Ci) ?4u^) • *?Ci^)» for an lifmS « 
( t i l ) ^^% t^^  • C^%5 
?lMi cHiMft t of iOi^st «o»vtfipit mmt^Bem mm t»tnNbiett I r 
) J | | llJlUlllllrilllTltifclllllW ••lUll.iiril.ijliiiJdKJKSft ;g| H 
s n i A t e M M M M U J M A . U B U I W P A l A a s i i A i i A * 
«Mi afttHor WittMi* MalAAa tlOa «i^«i« 
s* 
ifmwmm i.i* fi» wttix j^  u Mitt t» %• msgl 
«' t« iKlVMt eftif«e^»t« A is mOM fe M i l l i f ffif rtf^ilif ^^ ^ * 
Stat wmm flia i iHAvtii; i 
J S " ^ | L * ^ * * ^ U'nCj^ o•r.v^ i^  c^  r^  
( i i i ) IOMNI txifte « ttittiifctisit 
Urn «|«» f ^ f mp^ m m mMfmrnl^ i « •» 
flw Milvts A iar alMiift riiprlw i f «ai istflr i f MniitiMMi 
C i h C i i ) « i ^ % • • iiMp Mil l k •«§ ( i i i ) Wil l i* l i f iMii* 
It HWM fMf iM i l l JUi iff ll|n&>% ••MK'Wliflll 
MHHitiMM Uttt • mt r ix IMP •3»Nit mmmim* 
f H ^ t V m o . iwm bl% ii « C U f •> I f «»a ©lily U 
t^  mtMmmm Hmmm UtaetlNiftii |f <m i^. in mM ^ %• im 
stgnaoMi « t t [ % \ iHMi % J t « f«!^«l l »f Ct i ) A t } « I f 
«xl-9tti» fli« tlidlt fliMtlania. Ml tut vfMMi •# tft 1i» M M M t t e t 
l^x) it l i s S tot AU I X H •# OiNlilgpiMl'lly'y • C TQ. V I M M 1|^  
i s «hi Mfl t f I t M i i t i i t p i a i t i am vf uteat cr ««UNUM • » • ftfua* 
10* 
fluNMyllwirti "IliiiS ntfli W9 B&fX w&3t ifl>'1% Mi|i|iii||3i cr idt tu 
iiitft t t t i l f iTlii^ 9am e»»*^^»m mift iv* iw^ t int cr (») 4 n 
f t « « [ 1^} » «ptt« f» • [ *crC«)} • ^* **•* ^* •*''"* 
ftest t !» «•% f^ ^ eiB Isp «l!itm<*t»l««i mi tilt mut eS idil is««n«ii 
i t M H Mllp i f Ax i T^ f i» gtt X t ^«^ 
1»li««tiMi i« ««llU«M«»t tiMt i«t )t|| ** > M i MSnf" »} ** • 
I I . 
'*<^ 1'^ T {151 I i f €t«Py ait^%sWPl«»t #f « e J l^irt*li» iW 
mm^^ I.I?, aiia^-^-^i^i, ^ fgm («•• mi h 
t f Ci^ > ill m ««qtt«i«t ttf %iwiii«i liiMkt mtm^^mm «t4li 
««f&«tA «• « ShMili 9fikt9 X into « nofPtA •psiNi T « i i 
i« 
It. 
fwxmm ftts^ s«t It %t Ml In Thmatm f •!? i ^ mwmm C%) 
i s m »9^mm mi emMmmm meAxmm wmh t!»it ^Umam min^ 
I I ^ 
Im} S rc») < ••# 
fiv m s « t «•! tilt i f f * 
1 5 < 
piii) S ^^«) < ••» •***^  X e Xt al l p e ?• 
f liaa tli«i*9 03±«%B m «pher9 s in X and a oonstairl X aacSi timM 
PCX) i M, MiGb X 6 Sf a l l P 6 t-
1«10. ffea classes of faatrlcas (|^ (p), o)t ( Up)» c) 
and <w(p)» e) wars dataEQiaed laer l>iSOABXD!BS ana BAIBOX QT ]» 
(c<P>. c) ty M^ARIISB g ] aai (w^, c) ly MAmjQX 0 2 ] . 
Jieoastlyt H^HDA (saa 07] axtfl OS] ) lias eliaraotarlsaa tba isatrleaa 
of tha olaasas (cCp). o), C ijph oh ( U P ) , C ) , (M^(p), o) , 
(Vt ^)» (iKp), c) ana (w t^ ^) . 
In tha prasent th^ l s tim autlior isvestigatas into tba tbaocy 
of matrix trassfomatioas in sflsta se^ Eoanea spaeas anft datarDinas 
sons nav olassas of aatrioas* In ebaptcr IX, lia dataminaa tlia 
class of (•» \ }««iatrieas and also gaaaralisas tlia resalts dua to 
SCRAISFSR [sgf] %or dafactoriaiag tba laatiricas of t%a olassas 
(c(p)f V^ )f (cCp)t \, ) ^ ^ , and < I J p ) , % )• Cliaptap HI bas 
hum. davotad to dataneina soaia aora loatrioas of tlia dassas 
( Uph \ )t (M^(P). \ )» (WCP), \ ) and (w^, V^  )• In 
Cbaptar XT, tlia spaoa 7^ tmm ^an extandad to T^  (p) and soaa 
intarasting rasults iMtra ^an prarad* Xn Chaptar Tp tlia aatliar 
iatrodaoaa a aav 99^mm9 spaaa of cr*tenadad Taviatlott and datar* 
ninaa SOBS olassas of natrioaa in this spaoa« Sixth ishaptar has 
Hi 
•t^cmtt ^ ««ri«ft3r ipotlUvt aailMNi fd l^ w f f i . < «• t «» 
imm ( iEiHi Do] Aiift GB] ) 
L If J 
2f 1^ • p fmf meh k$ w Isttra «^C }^ m e^t e f t ) « e ®M 
lUM 
<l^  • • • *A,y(«*i) 
(AS • filai 4> ••# • l^iUt) / Cli#t) 
•{ •Ccr*(«)^)]l|/(li*1)r 
)i « f 
ii« 
It 
Ci) fl # II • iit9 f j 1^1 < 4> «• 
Ttt tin* «ftatt tlw cr«tl»tt ftf AS is Cila x) t«« r i^ ] #. ^ ^ ^ 
im mmti m • (i^} t €§ itar* « • cr«4te « cut ii|^  « cr«tlii •(i.)* 
IT. 
Ct} fl ^ ft i® f t i i i t« 
c u t ) l l » f I c [mC«>-%»)• ^ ) • % ! I / i^m^i} mQ mi^fmml^ 
t S B« Sin ^l l to Cll@#ff t l l 0 Cra^lISS^ € ^ tS is fl M M^ fym n ^ f V 
Ci} U m msp \ ?. tCiiflr^il I <«»t i»9^ «1»t#9« • • » ! 
( i i ) •#^% « I IIH» \ H f^ gag oifc t t l a l 
i f t j^ iumi * Jit ^•"liiftf fff AS jyi 
i 8 » 
ep9 if 
"* a fe 
(^) c^ie} ^^o^ is£jss^ t,m§^ 
fTf^ f»' 5. Ml % > © M mm *• a » ^«c UtH^ ^ 
m k 
If. 
Urn ^ I «(ii>1r#i} «ik,| W ^ «ft littifiwily i« «> 
l l J ^ i i J i l l t llto'«ilil|Jli£ «^ i& '^ % ^ ffB «y«y 
• g • • its In fg^f, A «^ *%]^) ^'^ ^* ^'^* ^^ iweiiiiii^ ef 
Cii) cms CiU) is el3Vi0ii»« 
ConRr«r@«iyt sui^sft tlftt tits f^ ^ss eonSifioiie ^r« ^tisfitA 
j|r TirtBS «t eonaitiiiss Ci) «i i Ciii5» ^m lmn,fm meh f 
m lt»f 
fltartfsrs l^(x) tidstii for •selit n nuft x g ir» ^ 1 M ^ ^ >l: 
•xii^ft f«r Mill X t V. "^ er • fi^tn ii > • • iliesMi Ir^  > # siiBli 
cult 
I 
F^  vl*«feifi ®f cistlttai ( i l |» tl^fpt estet?5 mi i f t t r » i^ > # 
»Pi0i« tiAt MNititi«ui mm iiitiatftttt %%•» I r !^ %»^«i 1{«1* 
# # ( • » % . ) n i l is IL. (3c) «i (.«llB «» lOiiet u m ^ mm 
«i, » o fur «Mii »• mmm M « {•» f,^  y^^^^ 
t.5. I t t t f f f U m a « » ) . 5^ «^t « € C«(f )»Tc^  )• ?19« eK 
• t <Cii)t iiteai«ilr ef Cii) mi ( i U ) in ^yfimm^ f t Is «MQr to 
mm ttat C«(ii)» %. ) c Ci^(ii}9 % )t t^trtfMftt fiKP Him mmmt^ 
tf< 
^ {ft S3 ij^ C^) «itt% e < f> < I t t «CUf «t #f • • • ! ^aii a 
e^istiart t mt^ tUif IL^C«) £ 1 f«r m^ m «iS f ^ «r»3r x t f &tQ, 
f t f t w^r t« «NcKtlMit Cti|t.) @ o^C?)* ^Iirwi t 1^  « tliwrt tieiistif Ir^ 
iHtlil tltt% 
IN||t f 
IS IE te ** 
cr • l i s ! • « 4* f w cr«IJ« •# c>'«' t i s t*"^  V H wcr* %Mm mt^\ t 
•ai X g ^^ Cf)• Bimm ^ % i^ twh Cti) MUII IM>1MI* f t i« taiv 
t» mm mmM i djtf )f %. ) C («t to- h ^•• '•t i ttt Ci) i» Mit&i^«i* 
IIBV ii'ppiit ttoit ( i l l ) tff w t iMuif tNm IdMi iMi'ite^ is X «i C1L|.) « 
^ ^ ' ^ rf C !!«•# V^  ) Urn wm m^mt^Mlm iMi^mm v > 1» flMNNRMNif 
29< 
IB IC ^ fe "^  * 
f M « c«[i?a«t#ii t a t tireof « f r ^@i f« 3» 
» k It s 
iWrTT " 
f!m^ Mmmm& of i ^ r i o ^ iiesltlva IMR^P* fd"^ i«l^, % < • • t1^ »a 
%mlm^^ tut mmr^9xmmlmm (mm &S'J§ ElOj aM | i l j ) 
tCp) • { « » J 1%!^ < «* ] , 
^pl • 5"« f «y» ?: I ^ * ( I •• © Iter see* ^tC ]- • 
t f I! • tnp fb. luift r ««m ( I t P l i ^ « ept«t H^} i» llasti? 
2.6. 
^ 1 : *• 
WP 
9«!l« • «stft%lit^ tilt fellmdJ^ ^<4^Piei3« 
Ci) fimri I l l i t i i I jBi iHitMf B > ^ OT<fttnlliilifffCN..iifyiiy>»> 
£7 
{%} 2 ^ * ^ % i^ ^ f w t f y lr» 11(01 A e i K f ) f %• ) M 
IB I M i f i i i i fUt cr-iMi« 4g£ /<ae lit,. mm. »„lffi.Mf?OTrp ^* 
f f t f r tw 9* (••• Q^l*h Sill « < % l l t S^gm 
^ ft C«<i>)f t^ ) I f i i i tUT tf 
1L • •*» f warn {f B*^) ^ ^ I tfft, kf jn) I < «• » 
Mil 
cut J « t f^-
m 
.cr"4Jritj£ m I j i f » € «Cp)t 
Ci) '"Cr^  9» Sim «^  ^ ^ C ^ ftC%t#J5^^ € 
H i ? tf 
CSJ.) ii|^% i tc^  » fag jMifp^ Ife I 
Citi} m ^ 7^ • 
m Mf nS f^ I !>>• o-^iigit 1^ /s »,„ fff,, Mii„gl^m«^' 
fw^i^jMif ( i } t ( i i ) i J J i cr«ltislt a«Mi^ a ^ ( i U l sHH o-* lt«iW%1 
9#4. l.(«5, mm^m tfm% ^ t C Uis)t t^ ). 
^^•tMtily «f ( i i ) i t 0%fi«Bs» ai«M t*^  t C^i»}« f^ iiie«,l^ iiCx} mdt^ 
2^i 
Kant f^  It 
IS K 
<*« 
mA m c i(mh few s gtimi i » © sni is © If *^ l# ^se©i^  le^  mm 
"l i«» » • MP |i^« ?!«•• Cii3 l» t i« f t1»fri»fpr« t t i fp* «xi«t8 »^ 
w^m ' t lnt^fer fvicsr vi > i u 
Icdl 
i r •fMKtiMi f i i i ) i t Uttmm t t e t 
t« arlAlvmr « i *Uf tlMiv^«ni 
t ie f Mfi9 fef « ) % « ^ 
*'"fw nii-!^®* t l » t CI) 4s iKt ti?aa# f^Bi tfesre t ^s t s S > t , jmeli 
f^ 
Ir ^ It ^ 
IS 
MiM mm %ii. i i ( f )* '•'» ^ ^ tts^t CM»t3^#) ^ ^ ^ C%^ i^!^ « is^ 
f i r tfti l i » • m^ 
«(«t 3e« • } w %(iit kf « ) • tilg . 
l i I t * * k * 
3tn 
Urn 1* e(iit ]E» ai> (% « ^ ) • 0 , 
K ? IS* 
Urn t I tfOi &t ®l ! ! %, • t J « 0 
l lB f, tCtt» fef m) 1^ « tm <. f 1^ C% •• ^ ) 
® Is * IB ' ^ 
fe Is 
v$nm ^ GM • mm in WL^ iU} 9m Ciii) ^^n% ^ l i« ' ^ t!^ « 
ntotmii^ of Ci|» mt^mmw tMt ^C^$ m "^ ttut ^t ») % milwtB 
f«* laii^ « wlmimm' s t e w * ^lmi,f«i? ns^ eti t% #]i^ ' J t * » 
•» » IP * 
1% f«ll«iNi fkris nmmm 1«18t %lAt for Mi i i m 
33* 
^ 1 ^ < . . . . , 
is In tfm dottl «^M fi»t mlamm tfms9 txiit i i K_. gi i^ flmt 
tfwm 
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Schaefer (1972) has introduced the concept of cr-conservative, o-regular and 
<j-coercive matrices and obtained necessary and sufficient conditions to 
characterize these classes of matrices. The purpose of this paper is to characterize 
some more matrices in V^. 
1. INTRODUCTION 
Let loo and c respectively be the Banach spaces of bounded and convergent 
sequences x = {xk} with the usual norm || ;c 1| == sup | xt | . 
k 
Let (T be a mapping of the set of positive integers into itself. A continuous 
Hnear functional <j> on loo is said to be an invariant mean or a-mean if and only if (i) 
<^{x) > 0 when the sequence x = {x„} has x„ > 0 for all n; (ii) ^(e) = 1, where 
e = {1, 1, . . . } ; and (iii) <j>{{xa(n)}) = ^(x) for all x £ loo- Throughout this paper we 
deal only with mappings a are one-to-one and are such that a"'{n) 7^ n for all positive 
integers n and m, where (^"{n) denotes the mth iterate of the mapping at n. For such 
mappings, every cr-means extends the limit functional on c (Raimi 1963), in the sense 
that ^(x) = lim x for all x E c. Consequently, c C V,r, where V^ is the set of bounded 
sequences all of whose CT-means are equal. When a(n) = n + \, F<r is the set of 
almost convergent sequences (Lorentz 1948). 
Schaefer (1972) has obtained necessary and sufficient conditions to characterize 
(^. y<T), (c, V^)rea, and (/<». Fff)-matnces. Quite recently Ahmad and Mursaleen 
(1979) have characterized the classes {c(p), V„), {c{p), V^)rea, a.nd(lj{,p), V,) which 
generalize the results of Schaefer (1972). In the present paper author obtains 
conditions which characterize (/(/>), V„), and {M^{p), V^) matrices. 
2. PRELIMINARIES 
If /Ji is real such that /)«;> 0 and sup/^t < 00, vve define (Simons 1965 and 
k 
Maddox 1967, 1969) 
looip) = {x : sup I Xt I "* < 00} 
k 
*This work is supported by a Junior Research Fellowship of C.S.I,R., India, under Grant 
No. 7/112(451) 75-EMR.r. 
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c{p) = {A: : I x* - /1 ^* -» 0 for some /} 
and 
l{p) = {X : S I X;i I "ft < 00} 
k 
^ o ( p ) = U {X : S I x t ( N'-'i^ic < 00} 
N>\ k 
when pk = p V k, we write l„{p) — /«,, c{p) — c, l{p) = / , and ^/^(p) = / j , also 
•''^o(/') = 1^ for inf/)& > 0. 
If X = {xn}, write 7x = {-JCffCn)}. The set K„ can be characterized as the set of 
all bounded sequences x for which lim /m„fx) exists in I^ and has the form Le, where 
m 
m 
L = tj — lim X and /m„(x) = S r^x/(m + 1). 
y=o 
Throughout this paper we shall use the notation a{n, k) to denote the element 
a„ie of the matrix A. We write for all integers n, m ^ 1 
Un{Ax) = (Ax + TAx + ... + T'^Ax)lim + 1) 
= S /(«, A:, OT) Xt 
k 
where 
3. M A I N RESULTS 
Theorem 3.1 — .4 £ {l{p), V<J) if and only if there exists B > 1 such that for 
every n 
f sup S I t{n, k, m) | "f^ B'^k < 00, (1 < p^ < 00) 
J "^ ^ 
^^' I sup I t{n,k, m) | "* < °o, (0 < /;» < 1) 
\^mk 
CO 
(ii) a(&) = {flnfc} £ Fa for each k 
n=\ 
i.e. lim t{n, k, m) — un uniformly in n. 
m 
In this case, the o-limit of A is 
(iii) lim S t{n, k, m) = S ii^Xk. 
m k k 
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PROOF : Let 1 < /^ ^ < oo and ^ G (/(p), V„). Define e* = {0, 0, .... 0, l(/cth 
place), 0, . . . } . Since ek G /(/'), therefore (ii) holds. Put fmnix) = tmniAx), since 
tmn(Ax) exists for each m and x G /(/>)• Therefore {/mn(;c)}OT is a sequence of conti-
nuous real functional on /(/>) and further sup ] fmn{x) | < oo on l{p). Now condition 
m 
(i) follows by arguing with uniform boundedness principle. The case 0 < /?fc < 1 has 
similar proof. 
Conversely, suppose that the conditions (i) and (ii) are true and x G i(p)- Now 
we have for every r "^ I 
r 00 
S I t{n, k, 777) I H B-n < sup S 1 t{n, k, m) | "k B-n . 
/ t=] m k=l 
Therefore 
S I tik I "* B-n = lira lim S j tin, k, m) \ «* B~n 
k r m / c= l 
< sup S I t{n, k, m) \ «* 5-«s < oo. 
m k—\ 
Thus the series S t{n, k, m) xt and E MjtXfc converge for each 7?7 and x G (^z?). For a 
fc A; 
given e > 0 and x G /(jP), choose k^ such that 
( S i X;, I "* ) < e 
where /f = sup pn. Since (ii) holds, therefore there exists m^ such that 
(iv) S (r{77, /C, m) — Mfc) < € ( V m > Wo). 
By condition (ii) it follows that 
S (<(«, /c, m) — Mfc) 
/c=/f„+l 
is arbitrary small, therefore condition (iii) follows i.e., 
lim S t(n. k, m) Xs — S u^xjc 
m k k 
uniformly in n. This completes our proof. 
Theorem 3.2 — /I G {M({p), V,) if and only if for every integer A'^  > 1 
(i) MN = sup 1 f(n, k, m) | m'n < oo, ( v n) 
m,k 
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(ii) 0(4) G Va for each k. 
In this case, the o-limit of Ax is same as in Theorem 3.1. 
PROOF : Let ^ E (M^ip), K„). Since et G M^ip), (ii) must hold. Now on 
contrary suppose that (i) is not true then there exists N > I such that M/f = oo. 
Therefore by Theorem 3.1, matrix B = {bm) = (a„kN^l'>k) ^ (1^, Va), i.e. there exists 
X G /i such that Bx ^ F„. Now y = ( js) = (m">jcXH) G M^ip). But /4:v = ^.v ^ F^, 
which contradicts the fact that A G (•'^o(/'). ^a)- Hence (i) is true. 
Conversely, suppose conditions (i) and (ii) are true and x G M„{p). Then 
I S t{n, A;, ffj) Xi I < S 1 Xfc I A^-''"* | /(n. A;, m) | iVi/"* < oo. 
k k 
Now arguing as in Theorem 3.1 we get 
lim S t(n, k, m) Xh = !• utx^. 
m k k 
Hence A G {.M^(p), V„). 
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